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NOVLEL ARTIFICIAL RNA MODIFIED AT ITS 2' HYDROXYL GROUP 

TECHNICAL FIELD 

[0001] 

5 The present invention relates to a nucleoside, a nucleotide 
and their phosphoramidite compound, which have a cyanoethyl 
ether group at 2'hydroxyl group. These compounds may be used 
as a chemical agent for the synthesis of a nucleic acid or as 
modified RNA. 

10 

BACKGROUND ART 
[0002] 

A chemically synthesized oligoribonucleotide (oligo RNA) may 
be used as a RNA probe for gene analysis; materials for RNA 
15 pharmaceuticals such as antisense RNA, ribozyme RNA, and gene 
interference by means of iRNA; artificial enzymes, and an 
adaptor. 
[0003] 

A RNA derivative having a methyl ether group at its 2' hydroxyl 
20 group is commercially available and widely used as that of an 
ether-type . However, this modified RNA has a disadvantage with 
respect to enzyme-resistance in cells when it is used as a 
gene-controlling agent. Another ether-type modified RNA 
widely used is one having a methoxyethylether group. This 
25 modified RNA was reported to be superior in the enzyme-resistance 
to that having the methyl group {Non-Patent Document 1) . 
However, there is no common way for the synthesis of the 
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methoxyethylether-type modified RNA with the use of pyrimidine 
and purine nucleosides due to limitations in a method and agent 
for the introduction of said group. Furthermore, as the 
structure of its ether chain is restricted due to an oxygen 
5 atom present therein, it is very likely that a problem will 
occur with respect to condensation efficiency in the synthesis 
of the oligo RNA. 
[0004] 

In order to overcome the above problems, it is necessary to 
10 develop an ether-type modified RNA with a group of around three 
carbon atoms that has a hydrophilic and electron-accepting 
substituent at its end but no oxygen atom in the ether chain. 
[0005] 

Non-Patent Document 1: Von Pierre Martin, Helvetica Chimica 
15 Acta 1995, 78, 486-504 

SUMMARY OF THE INVENTION 

Problems to be solved by the invention 

[0006] 

20 One potential ether-type modified RNA that will satisfy the 
above conditions may be that of a cyanoethylether-type . This 
modified RNAhas an advantage that it canbe economically obtained 
with the use of acrylonitrile as its introducing agent . However, 
it has a disadvantage as well that the introduction of the above 

25 ether will need severe conditions of heating with a strong base 
such as sodium hydroxide . And, utility of the cyanoethylether 
group as a functional moiety has not yet been developed. 
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[0007] 

The purpose of the present invention is to develop a system 
for efficiently constituting cyanoethyl ethers under mild 
5 conditions and probability of the ethers as functional groups 
for imparting specific functions and to make a contribution 
to the production of novel functional nucleic acids. 

Means for solving the problems 
10 [0008] 

The present inventors have searched a base that is most suitable 
for activating a 2' hydroxyl group while acrylonitrile is used 
as a material for 2-cyanoethylation, and have completed the 
present invention. 
15 [0009] 

The present invention thus relates to a nucleoside represented 
by the general formula (I) and nucleotide derived therefrom, 
in which X and Y may be the same as or different from each other, 
and are hydrogen, optionally substituted silyl group, 

20 4-methoxytrityl group, 4, 4' -dimethoxytrityl group or a group 
represented by the general formula (11) wherein Rl and R2 may 
be the same as or different from each other, representing an 
alkyl group having 1-7 carbon atoms such as diisopropyl, or 
they are united with each other to form a ring structure, R3 

25 represents a protective group for phosphoric acid such as 
2~Gyanoethyl; and Bl represents an optionally substituted 
pyrimidine or purine base. 
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[0010] 

The present invention further relates to a method for the 
synthesis of a nucleoside represented by the general formula 

(I) by cyanoethyletherification of 2' hydroxyl group in the 
5 presence or absence of t-butylalcohol using as materials a 
compound selected from the group consisting of cesium carbonate, 
DBU and TritonB; acrylonitrile and a nucleoside derivative. 

[0011] 

The present invention further relates to a phosphoramidite 
10 compound of the thus synthesized nucleoside. The 
phosphoramidite compound of the present invention may be easily 
prepared by those skilled in the art in accordance with the 
phosphoramidite method known to those skilled in the art. The 
present invention relates to a RNA oligomer comprising the above 
15 nucleoside excepting themoiety "X" and " Y" in the general formula 
(!) . 

Advantages of the invention 
[0012] 

20 According to the method of the present invention, it has become 
possible to efficiently perform cyanoethylation of various 
kinds of a hydroxyl group. 

Brief Explanation of Drawing 
25 [0013] 

Figure 1 shows a analysis profile obtained by anion exchange 
high performance liquid chromatography of the RNA oligomer 
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obtained by the present invention. 

Best Mode for Carrying out the Invention 
[0014] 

5 Examples of the substituent of Bl, the pyrimidine or purine 
base, are any one known for those skilled in the art, including 
those described in the exmples of the present specification, 
such as N-dimethylaminomethylene, N-acetyl, 

triisopropylbenzenesulf onyl , etc. In the phosphoramidite 
10 group (II) , Rl and R2 may be the same as or different from each 
other, representing an alkyl group having 1-7 carbon atoms such 
as diisopropyl, or they are united with each other to form a 
ring structure. The protective group for phosphoric acid, R3, 
includes 2-cyanoethyl, 4-nitrophenylethyl, 

15 N- (trif luoroacetyl) aminobutyl, or 

4- [N-methyl-N- (2,2, 2- trif luoroacetyl) amino] butyl, 

2-cyanoethyl being preferred. 

[0015] 

The method of the present invention uses the acrylonitrile and 
20 the nucleoside derivative in the presence of a compound selected 
from the group consisting of cesium carbonate, DBU and TritonB, 
preferably cesium carbonate. It is preferred to carry out the 
above method using said compound in a range of 0.1-30 equiv 
for the nucleoside derivative in the presence of t-butylalcohol 
25 in a range of 0 - 05-30 equiv for the acrylonitrile . The reaction 
is preferably carried out at a temperature of from 20°C to 30 
"C for 2-3 hours. 
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Examples 
[0016] 

The present invention will be explained more in detail, which 
5 shall not limit the scope of the invention. 
[0017] 
Example 1 : 

2' -0- (2~cyanoethyl) -N3-benzoyl"-3' , 5' -0-tetraisopropyl 

disiloxanilidene uridine (Compound 1) 
10 [0018] [Chemical formula 1] 




[0019] 

15 N3-benzoyl-3' , 5' -0-tetraisopropyl disiloxanilidene uridine 
compound (591mg, Immol) was dissolved in t-butylalcohol (5ml). 
To this were added acrylonitrile (1.3ml, 20mmol) and then cesium 
carbonate (353mg, limmol} , and vigorously stirred for 2 hours. 
Cesium carbonate was removed by filtration with celite, and 
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the mixture was concentrated under a reduced pressure. The 
resulting residue was purified with silica gel column 
chromatography (hexane: ethyl acetate=3:l) to give a titled 
compound as white crystal (593mg, 0.921inmol) with a yield of 
5 92%. The compound was crystallized from 

chloroform-diisopropylether and used as a sample for analysis, 
m.p. 159°C. 
[0020] 

^H-NMR(CDCl3, 500 MHz) 0 . 94 - 1 . 12 (28H, m) , 2 . 61 - 2 . 63 (2H, m) , 
10 3. 91 - 4.05 (4H, m) , 4 . 18 - 4 . 29 (3H, m) , 5.70(lH,s), 5.79(1H, d, 
J=8.30), 7.49-7.94 (5H, m) , 8.00{1H, d, J=8.30) 
[0021] 
Example 2 : 

2' -0- (2-cyanoethyl) -N3-benzoyluridine (Compound 2) 
15 [0022] [Chemical formula 2] 



The resulting compound 1 (322mg, 0.54 5inmol) was dissolved in 




CN 



[0023] 
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tetrahydrof uran (3ral) . Tetrahydrof uran solution {2nil) of 
tetrabutylammonium fluoride (327mg, 1.25iTmiol) and acetic acid 
{72^il, 1.25inmol) was dropped slowly into the above solution. 
After being stirred for one hour, the reaction solution was 

5 diluted with chloroform and washed with saturated saline 
solution three times. After an organic layer was removed, an 
aqueous layer was extracted with chloroform. The resulting 
extract was combined with the organic layer, dried over anhydrous 
sodium sulfate, filtered and concentrated under reduced 

10 pressure. The resulting residue was purified with silica gel 
column chromatography (ethyl acetate :acetone=10:l) to give a 
titled compound as white foamy material (147mg, 0.366ramol) with 
a yield of 67%. 
[0024] 

15 ^H-NMR(CDCl3, 500MHz)2.63 - 2.66(2H, m) , 3.83 - 3.90{2H, m) , 4.04 
- 4. 09 (4H, m) , 4.31 (IH, dd, J=5.37, 7.32) , 5.81(1H, d, J=1.71) , 
5.83(1H, d, J=8.30), 7 . 50 - 7 . 94 ( 5H, m) , 8.10(1H, d, J=8.30) 
[0025] 
Example 3: 

20 2' -0- (2-cyanoethyl) -N3-uridine (Compound 3) 
[002 6] [Chemical formula 3] 
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OH 0<^^ 

[0027] 

The resulting compound 2 (80mg, 0.202mmol) was dissolved in 
ethanol: ammonia solution (2ml, 3:1 v/v) and stirred for 3 hours 

5 and concentrated under reduced pressure. The resulting residue 
was dissolved in methanol (1ml), diluted with ether (10ml) and 
extracted with distilled water (3ml) three times. An aqueous 
layer was concentrated under reduced pressure and the resulting 
residue was purified with spherical silica gel column 

10 chromatography (chloroform:methanol=5: 1) to give a titled 
compound as white foamy material (57mg, 0.191mmol) with a yield 
of 95%. 
[0028] 

^H-NMR{D20, 500MHz)2.70 - 2.72(2H, m) , 3.69(1H, dd, J=4.15, 12.9 
15 Hz) , 3.82 - 3.85 (3H, m) , 4 . 02 - 4 . 04 ( IH, m) , 4.08 {IH, dd, J=3.66, 
5.23) , 4.19 (IH, t, J=5. 62, 6.10) , 5.77 (IH, d, J=8 . 06) , 5 . 87 (IH, 
d, J=3.66), 7.80{1H, d, J=8.06) 

[0029] 
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Example 4 : 

5' -0- (4,4' -dimethoxytrityl) -2' -0- {2-cyanoethyl) -N3-benzoy]. 

uridine (Compound 4} 

[0030] [Chemical formula 4] 



The compound 1 (2.70g, 4.19mmol) was dissolved in 
tetrahydrof uran (20ml) . Tetrahydrofuran solution (20ml) of 
tetrabutylammonium fluoride (2.75g, lO.Smmol) and acetic acid 

10 (0.6ml, lO.Smmol) was dropped slowly into the above solution. 
After being stirred for seven hours, the reaction solution was 
diluted with chloroform and washed with saturated saline three 
times. The extract of an aqueous layer with chloroform was 
combined with an organic layer, dried over anhydrous sodium 

15 sulfate, filtered and concentrated under reduced pressure. The 
resulting residue was purified with silica gel column 
chromatography (ethyl acetate :acetone=10:l) to give the 
compound 2. The compound was then subjected to azeotropy for 
dehydration with dry pyridine three times and dissolved in dry 




CN 



5 



[0031] 
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pyridine (40iiil). To this was added dimethoxytrityl 
chloride {1 . 71g, 5.04mmol) and stirred for seven hours. The 
reaction was stopped by addition of water into the reaction 
system. The residue obtained by concentration under reduced 
5 pressure was diluted with chloroform and washed with saturated 
sodiumbicarbonate solution and saturated saline solution . The 
resulting organic layer was dried over anhydrous sodium sulfate , 
filtered and concentrated under reduced pressure. The 
resulting residue was purified with silica gel column 
10 chromatography {hexane : ethyl acetate=l:l) to give a titled 
compound as white foamy material (2.07g, 2.84inmol) with a yield 
of 70%. 
[0032] 

%-NMR(CDCl3, SOOMHz) 2. 55 - 2.62 (3H, m) , 3.57 - 3. 64 (2H, m) , 3.79 
15 -3.86(7H, m) , 4.00(1H, d, J=5.13), 4 . 04 - 4 . 07 (IH, m) , 4.12 
-4.15(1H, m} , 4.53(1H, ddd, J=5.13, 9.40, 9.52), 5.37{lH, d, 
J=8.30) , 5. 86 (IH, s) , 6.86 (4H, dd, J=1.22, 8-79) , 7.24-7.34 (7H, 
m), 7.42(2H, br), 7.49(2H, br) , 7.64(2H, br) , 7.93(2H, br) , 
8.22(1H, J=8.30) 
20 [0033] 

Example 5: 

5' -O- (4, 4' -dimethoxytrityl) -2' -0- (2-cyanoethyl) -N3-benzoyl 

uridine (2-cyanoethyl N, N-diisopropyl 

phosphoramidite) {Compound 5) 
25 [0034] [Chemical formula 5] 
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[0035] 

The compound 4 was dried in a desiccator with the use of 
diphosphorus pentoxide as desiccant under reduced argon 

5 atmosphere. The resulting dried compound 4 (1.06g, l.Slmmol) 
and tetrazolediisopropyl ammonium salt (193mg, 2.25mmol) were 
dissolved in dry acetonitrile (7ml) . To this was dropped a 
dry acetonitrile solution (3ml} of 2-cyanoethylN, N-diisopropyl 
phosphorodiamidite ( 67 8mg, 2 . 25mmol} . After being stirred for 

10 5 hours, the reaction solution was diluted with chloroform, 
washed with saturated saline solution two times and with 
saturated sodium bicarbonate solution two times . The extract 
of an aqueous layer with chloroform was combined with an organic 
layer, dried over anhydrous sodium sulfate, filtered and 

15 concentrated under reduced pressure. The resulting residue 
was purified with spherical silica gel column chromatography 
(hexane: ethyl acetate -1 : 1, 0. 5% triethylamine) to give a titled 



13 PCT/J,P2005/003459 

compound as white foamy material (1.27g, 1.40mmol) with a yield 
of 93%. 

[0036] 

- NMR(CDCl3, 500 MHz) 1. 08 - 1 . 30 (12H, ra) , 2 . 47 - 2 . 68 ( 4H, m) , 
5 3.49 - 4.30 {16H, m) , 4 . 59 - 4 . 80 ( IH, br) , 5 . 28 - 5. 37 (IH, m) , 
5.85(1H, m) , 6.83 - 6.91 {4H, m) , 7 . 24 - 7 . 66 { 13H, m) , 8.00- 
8.03{ 2H, m), 8 . 24 - 8 . 30 ( IH, m) 

[0037] 

Example 6 : 

10 5' -0- (4, 4' -dimethoxytrityl) -2' ~0~ (2-cyanoethyl) ~ uridine 
( Compound 6 } 

[0038] [Chemical formula 6] 



DNTTi 




[0039] 

15 2' -0-cy.anoethyluridine (Compound 3){1.97g, 6.63mmol) was 
dissolved in pyridine (70ml), mixed. with 

dimethoxytritylchloride (2.47g, 7.29mmol) and stirred for 4 
hours. The reaction solution was concentrated under reduced 
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pressure, diluted with chloroform, and washed with saturated 
saline solution and saturated sodiumbicarbonate solution . The 
resulting organic layer was dried over anhydrous sodium sulfate 
and concentrated under reduced pressure. The resulting residue 
5 was purified with silica gel column chromatography 

(chlorof ormimethanol, 100:0^20:1, 0 . 5% triethylamine) to give 
a titled compound (3.91g) with a yield of 99%. 

[0040] 

^H-NMR{CDCl3, 500 MHz) 2. 68 - 2,71(2H, m) , 3.53 - 3.58 (2H, m) , 3.78 
10 -3.79(6H, m), 3. 90 - 3 . 98 {2H, m) , 4 . 03 - 4 . 06 ( IH, m) , 4.17 ~ 
4.22(1H, m), 4.49(1H, dd) , 5.31(1H, d) , 5.89(1H, s) , 6.84{4H, 
d) , 7.22-7.40 (9H, m),8.06(lH, d) 
[0041] 
Example 7 : 

15 5' -0- (4, 4' -dimethoxytrityl) -2' -O- (2-cyanoethyl) uridine 

3' - (2~cyanoethyl N,N-diisopropyl phosphoramidite) (Compound 
7) 

[0042] [Chemical formula 7] 
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CN 



[0043] 

The compound 6 (1.20g, 2.00mmol) was subjected to azeotropy 
for dehydration with dry toluene five times, followed by 

5 argon-substitution. It was then dissolved in dry 
dichloromethane (10ml) . To this were added dropwise 
diisopropylethylamine (O.Sml, 2.87itimol) and a dry 
dichloromethane solution (2ml) of 

2-cyanoethyl-N, N-diisopropylaminochlorophosphine ( 521mg, 

10 2.20mitiol) . After being stirred for two hours at a room 
temperature, the reaction solution was washed with saturated 
sodium bicarbonate solution twice and with saturated saline 
solution twice. The resulting organic layer was dried over 
anhydrous sodium bicarbonate solution, filtered and 

15 concentrated under reduced pressure. The resulting residue 
was purified with silica gel column chromatography 
(chlorof orm:methanol, 100:0 — * 50:1) to give a titled compound 



16 



PCT/JP2005/003459 



{1.33g} with a yield of 83%. 
[0044] 

- NMR{CDCl3, 500 MHz) 1 . 08 ^ 1. 21 {12H, m) , 2 . 60 - 2 . 7 7 ( 4H, m) , 
3.43 - 3.76(4H, m) , 3 . 79 - 3 . 80 (6H, m) , 3 . 87-4 . 84 ( 6H, m) , 
5 5.18-5.29(1H, m) , 5 . 88-5 . 90 (IH, m) , 6. 81-6. 87 (4H, m) , 
7.23-7.39( 9H, m) , 8 . 05-8 . 13 (IH, m) 
[0045] 
Example 8 : 

N4-dimethylaminomethylene-3' , 5' -0-tetraisopropyl 
10 disiioxanilidene-2' -0- {2-cyanoethyl) cytidine (Compound 8} 
[004 6] [Chemical formula 8] 



[0047] 

N4-dimethylaminomethylene-3' , 5' -0-tetraisopropyl 
15 disiloxanilidene cytidine {541mg, Immol) was dissolved in 
t-butylalcohol (5ml). To this were added acrylonxt rile (1,3ml, 
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20ininol) and then cesium carbonate (353mg, Immol) , and vigorously 
stirred for 3 hours . Cesium carbonate was removed by filtration 
with celite, followed by concentration under reduced pressure. 
The resulting residue was purified with silica gel column 
5 chromatography (chlorof orm:methanol=40 : 1) to give a titled 
compound (538mg) with a yield of 89%. 
[0048] 

^H-NMR{CDCl3, 500 MHz) 0 . 85 - 1 . 06 (28H, m) , 2 . 69 - 2 . 73 (2H, m) , 
3. 10 (3H, s) , 3. 12 (3H, s) , 3.86 - 4.24 (7H,m) , 5. 74 (IH, s) , 6. 01 (IH, 
10 dd), 8.01(1H, d), 8.76(1H, s) 
[0049] 
Example 9: 

N4-dimethylaminomethylene-2' -0- (2-cyanoethyl) cytidine 
( Compound 9 ) 
15 [0050] [Chemical formula 9] 
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[0051] 

The compound 8 (347mg, 0.584ininol) was dissolved in 
tetrahydrof uran (6ml) . To this were added triethylamine 
5 hydrogen tr if luoride {332(xl, 2.04mmol) and then triethylamine 
(147|J,1, l.OSramol) and stirred for one hour. The reaction 
solution was concentrated under reduced pressure and the 
resulting residue was purified with silica gel column 

chromatography (chlorof orm:methanol=100 : 0 — * 50:1) to give a 
10 titled compound (184mg) with a yield of 90%. 
[0052] 

^H-NMR(CDCl3, 500 MHz) 0. 85 - 1. 06 (28H, m) , 2 . 69 - 2 . 73 (2H, m) , 
3.10{3H, s), 3.12(3H, s) , 3 . 86 - 4 . 24 (7H,m) , 5.74(1H, vs) , 
6.01{1H, dd), 8.01(1H, d), 8.76(1H, s) 

15 [0053] 

Example 10: 
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N4-dimethylaminoinethylene-5' -O-dimethoxytrityl-2'' -0-cyanoe 
thylcytidine (Compound 10) 
[0054] [Chemical formula 10] 



DMTi 




5 [0055] 

The compound 9 (192mg, 0.546mmol) was dissolved in pyridine {5ml) , 
mixed with dimethoxytritylchloride (204mg, 0.602mmol) and 
stirred for 2 hours. The reaction solution was concentrated 
under reduced pressure, diluted with chloroform, and washed 

10 with saturated saline solution and saturated sodiumbicarbonate 
solution. The extract obtained from an aqueous layer by the 
reverse extraction with chloroform three times was combined 
with an organic layer, dried over anhydrous sodium sulfate, 
filtered and concentrated under reduced pressure. The 

15 resulting residue was purified with silica gel column 
chromatography (chloroform: methanol, 100:0 —^25:1) to give a 
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titled compound (157mg) with a yield of 45%. 
[0056] 

^H-NMR(CDCl3, 500 MHz)2.69 - 2,73(2H, br) , 3.10(3H, s) , 3.12{3H, 
s) , 3.49(1H, dd) , 3 . 57 - 3 . 59 (IH, m) , 3.77 (6H, s) , 3 . 94 - 4 . 07 ( 3H, 
5 m) , 4.31 - 4.41{2H, m) , 5.76(1H, d) , 5.93(1H, s) , 6 . 82-6 . 85 (4H, 
m) , 7.20 - 7.43 (9H, m) , 8.16(1H, dd) , 8.76(1H, s) 

[0057] 
Example 11: 

2' -0- {2-cyanoethyl) cytidine (Compound 11) 
10 [0058] [Chemical formula 11] 




[0059] 

The compound 10 (351mg, 0.4mmol) was dissolved in cone, ammonia 
15 water-ethanol (3:1, v/v, 4ml) and stirred for one hour. The 
reaction solution was concentrated under reduced pressure and 
purified with silica gel column chromatography 
( chlorof orm;methanol=7 0 :1) to give a titled compound (109mg) 
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with a yield of 92%. 
[0060] 

^H-NMR{D20, 500 MHz) 2 . 83 " 2 . 86 (2H, m) , 3 . 84 (IH, dd, J - 13 liz, 
4.4 Hz) , 3. 95-4. 03 (3H, m) , 4 . 14-4 . 18 (2H, m) , 4.27 (IH, dd, J=13 
5 Hz, 1.7 Hz) , 5.97 (IH, d, J = 3.2 Hz) , 6.1 (IH, d, J=7.6 Hz) , 7,89 
(IH, d, J=7.6Hz) . 

[0061] 
Example 12 : 

N4-acetyl-2' -0— (2-cyanoethyl) cytidine (Compound 12) 
10 [0062] [Chemical formula 12] 



The compound 11 (lOOOmg, 3.38mmol) was dissolved in ethanol 
(70ml), mixed with anhydrous acetic acid (1.6ml, 16.96mmol) 
15 and stirred for 12 hours . The precipitated crystal was filtered 
out and washed with diethylether to give a titled compound ( 1055mg, 
3.12mmol) with a yield of 92%. 



O 




CN 



[0063] 
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[0064] 

^H-NMR (DMSO, 500 MHz) 2.10 (3H, s) , 2.81-2.86 (2H, m) , 
3. 60-3. 63 {IH, m) , 3.78-3.94 (5H, m) , 4.03-4.05 (IH, m) , 5.13 
{IH, d, J=4.88), 5.20 {IH, t, J=4.88}, 5.78 {IH, d, J=1.71) , 
5 7.18(d, J=7.57), 8.47(1H, J-7.57), 10.92(1H, s) 

[0065] 
Example 13: 

N4-acetyl-5' -O-dimethoxytrityl-2 ' -0— (2-cyanoethyl) cytidine 
(Compound 13} [Chemical formula 13] 
10 [0066] 



The compound 12 {1055mg, 3.12mmol) was subjected to azeotropy 
for dehydration with dry pyridine four times and dissolved in 
15 dry pyridine (BOirLl) . Dimethoxytritylchloride (1162mg, 
3.43inmol) was added to the solution. After being stirred for 



O 




CN 



[0067] 
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three hours, the reaction was stopped by addition of water. 
The reaction solution was concentrated under reduced pressure, 
diluted with chloroform, and washed with saturated saline 
solution and saturated sodium bicarbonate solution. The 
5 resulting organic layer was dried over anhydrous sodium sulfate, 
filtered and concentrated under reduced pressure. The 
resulting residue was purified with silica gel column 
chromatography {chlorofonti:methanol, 98:2, 0.5% 

triethylamine) to give a titled compound as white foamy 
10 material (1848mg, 2.88mmol) with a yield of 92%. 
[0068] 

^H-NMR (CDCI3, 5OOMH2) 2.20 (3H, s) , 2.60-2.68 (2H, m) , 2.97-2.98 
(1 H, br), 3.54-3.62 {2 H, m) , 3.79 (6 H, m) , 3.92-3. 97 (1 H, 
m) , 4.01(1H, d, J=5.13), 4 . 11-4 . 13 (IH, m) , 4.24-4.18(lH, m) , 
15 5.89 {1 H, s), 6.85-6.87 (4 H, m) , 7.15-7.43 (10 H, m) , 8.53 

(IH, d, J=7.57}, 10.00 (IH, br) 

[0069] 
Example 14: 

N4-acetyl-5' -O-dimethoxytrityl-2' -0— {2-cyanoethyl) cytidine 
20 3' - (2-cyanoethyl N, N-diisopropylphosphoramidite) (Compound 
14) 

[0070] [Chemical formula 14] 
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[0071] 

The compound 13 (668mg, 1.04inmol) was subjected to azeotropy 
for dehydration with dry toluene five times, followed by 
5 argon-substitution. It was then dissolved in dry 
dichloromethane (8ral) . To this were added 

diisopropylethylamine (271nl/ 1.56mmol) and a dry 
dichloromethane solution (2ml) of 

diisopropylamino- (2-cyanoethyl) -chlorophosphine (271mg, 

10 l.lSmmol) . After being stirred for three hours, the reaction 
solution was diluted with ethyl acetate, and washed with 
saturated sodium bicarbonate solution twice and with saturated 
saline solution twice. The resulting organic layer was dried 
over anhydrous sodium bicarbonate solution and filtered. 

15 Solvent was then distilled out under reduced pressure. The 



25 



PCT/JP2005/003459 



resulting residue was purified with silica gel column 
chromatography (chloroform: methanol, 98:2 — > 97:3, 0.5% 
triethylamine) to give a titled compound as white foamy 
material (790mg, 0.94inmol) with a yield of 90%. 
5 [0072] 

^H-NMR (CDCI3, 500 MHz) 1.01-1.18 (12 H, m) , 2.23 - 2.24(3 H, 
m) , 2.40-2.75(4 m) , 3.45-3.74(5 H, m) , 3.81-3.82(6 H, m) , 
3.84-4.59(6 H, m) , 5 . 91-5 . 93 (1 H, m) , 6.83-6.87 (4 H, m) , 
6 . 96-7 . 05 ( lH,in) , 7 .26-7 . 44 (9H,m) , 8 . 53-8 . 60 (lH,m) , 10 . 10 ( IH, s) 
10 [0073] 

Example 15: 

N6-dimethylaminomethylene-3^ , 5' -0-tetraisopropyl 
disiloxanilidene-2'' -0-cyanoethyl adenosine (Compound 15) 
[0074] [Chemical formula 15] 



\ / 




N 




15 



[0075] 
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N6-dimethylaminomethylene~3' , 5' -0-tetraisopropyl 
disiloxanilidene adenosine (565mg, Immol) was dissolved in 
t-butylalcohol ( 5ml ) . To this were added acryloni t rile ( 1 . 3ml , 
20imnol) and then cesium carbonate (353mg, Immol) , and vigorously 
5 stirred for 3 hours . Cesium carbonate was removed by filtration 
with celite, followed by concentration under reduced pressure. 
The resulting residue was purified with silica gel column 
chromatography (chloroform:methanol=50 : 1) to give a titled 
compound (559mg) with a yield of 90%. 
10 [0076] 

^H-NMR(CDCl3, 500 MHz) 0 . 96 - 1 . 12 (28H, m) , 2 . 71 - 2 . 73 {2H, m) , 
3.19{3H, s), 3.25(3H, s), 3 . 94-4 . 27 { 6H,m) , 4.77(1H, dd) , 
6.01(1H, s), 8.14{1H, s), 8.48(1H, s), 8.93(1H, s) 

[0077] 
15 Example 16: 

N6-dimethylaminomethylene-2 ' -0-cyanoethyladenosine 
(Compound 16) 

[0078] [Chemical formula 16] 
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[0079] 

The compound 15 (1.4 5g, 2.35nimol) was dissolved in 
tetrahydrofuran (24ml) . To this were added triethylamine 
5 hydrogen trifluoride (1.3ml, 7.98itm[iol) and then triethylamine 
(589fil, 4.23mmol) and stirred for one hour. The reaction 
solution was concentrated under reduced pressure and the 
resulting residue was purified with silica gel column 
chromatography (chlorof orm:methanol=50 : 1 — >^ 25:1) to give a 
10 titled compound (878mg, quant) . 
[0080] 

^H-NMR(CD30D, 500 MHz) 2 . 62 - 2 . 65 (2H, m) , 3. 16{3H, s) , 3.18 (3H, 
s), 3. 65 - 3.72 (4H, m) , 3 . 80 - 3 . 86 (4H, m) , 4 . 09 - 4 . 11 (IH, m) , 
4.43(1H, t), 4.53{1H, t), 6.08{1H, d) , 8.34(1H, s) , 8.40{1H, 
15 s), 8.83(1H, s) 

[0081] 
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Example 17 : 

N6-din5ethylaminomethylene-5' -O-dimethoxytrityl-2'' -0-cyanoe 
thyl adenosine (Compound 17) 
[0082] [Chemical formula 17] 



N 




OH 

CM 



5 

[0083] 

The compound 16(716mg, 1.91mmol) was dissolved in pyridine 
(19ml), mixed with dimethoxytritylchloride (712mg, 2.10mmol) 
and stirred for 3 hours . The reaction solution was concentrated 

10 under reduced pressure, diluted with chloroform, and washed 
with saturated saline solution and saturated sodiumbicarbonate 
solution. The extract obtained from an aqueous layer by the 
reverse extraction with chloroform three times was combined 
with an organic layer, dried over anhydrous sodium sulfate, 

15 filtered and concentrated under reduced pressure. The 
resulting residue was purified with silica gel column 
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chromatography (chloroform: methanol, 100:0 — * 50:1, 0.5% 
triethylamine} to give a titled compound (1132mg) with a yield 
of 87%. 
[0084] 

5 ^H-NMR(CDCl3, 500MHz)2,52 - 2, 2 . 59 (2H, m) , 3.13(3H, s) , 3.18(3H, 
s), 3.25 - 3.57 {2H, m) , 3.72(6H, s) , 3 . 82 - 3 . 92 (2H, m) , 4.20 
-4.24{3H, m) , 4.50(1H, t) , 4.60(1H, dd),6.14(lH, d),6.75(4H, 
d) , 7 . 13 - 7 . 47 (9H, m) , 8.09{1H, s) , 8.43(1H, s) , 8.94(1H, s) 
[0085] 
10 Example IB: 

N6-dimethylaminomethylene-5' -O-dimethoxytrityl-2' -0— (2-dya 
noethyl) adenosine 

3' - (2-cyanoethyl N,N-diisopropylphosphoramidite) (Compound 
18) 

15 [0086] [Chemical formula 18] 
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CN 

CN 



[0087] 

The compound 17 (1.06g, l.Slmmol) was subjected to azeotropy 
for dehydration with dry toluene five times, followed by 
5 argon-substitution. It was then dissolved in dry 
dichloromethane (12ml) . To this were added dropwise 
diisopropylethylamine {0.3ml, 1.72mmol) and a dry 
dichloromethane solution (2ml) of . 2-cyanoethyl N,N~ 
diisopropylamino chlorophosphine (328mg, 1.36mmol) . After 

10 being stirred for 2 hours at a room temperature, the reaction 
solution was diluted with chloroform, and washed with saturated 
sodium bicarbonate solution three times and with saturated 
saline solution once. The resulting organic layer was dried 
over anhydrous sodium bicarbonate solution, filtered and 

15 concentrated under reduced pressure. The resulting residue 
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was purified with NH silica gel column chromatography 
(chloroform:methanol, 100:0^ 100:1) to give a titled compound 
(896mg) with a yield of 82%. 
[0088] 

5 - NMR(CDCl3, 500MHz ) 1 . 0 6 - 1 . 18 ( 12H, m) , 2 . 58 - 2 . 66 (4H, m) , 

3.21(3H, s), 3.26(3H, s) , 3 . 32 - 3 . 35 (IH, m) , 3 . 51 - 4 . 01(14H, 
m), 4.34 - 4.39(1H, m) , 4 . 55 - 4 . 67 (IH, m) , 4.80 - 4.85 ( IH, m) , 
6.10-6.14 (IH, m), 6. 76 - 6. 83 (4H, t) , 7 . 18 - 7 . 36 ( 9H, m) , 8.09 
-8.12{1H, m) , 8.45 - 8.46 (lH, m) , 8 . 95 - 8 . 96 ( IH, m) 
10 [0089] 

Example 19: 

N2-dimethylaminomethylene-0-6-triisopropylbenzenesulfonyl- 
3' , 5' ~0-tetraisopropyldisiloxanilidene-2' -0-cyanoethyl 
guanosine (Compound 19) 
15 [0090] [Chemical formula 19] 
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[0091] 

N2-dimethylaminomethylene-0-6-triisopropylbenzenesulf onyl- 
3' , 5' -0-tetraisopropyldisiloxanilidene guanosine (6.60g, 
5 SOmmol) was dissolved in t~butylalcohol (39ml) . To this were 
added acrylonitrile (20ml, 156mmol) and then cesium carbonate 
(2.75g, 7. SOmmol), and vigorously stirred for 2 hours . Cesium 
carbonate was removed by filtration with celite, followed by 
concentration under reduced pressure. The resulting residue 
10 was purified with silica gel column chromatography 

(chlorof orm:methanol=100 : 1) to give a titled compound (5 . 82mg) 
with a yield of 83%. 
[0092] 

'■H-NMR(CDCl3, 500 MHz.) 0. 99 - 1.34 (46H, m) , 2 . 77 - 2 . 632 . 79 {2H, 
15 t) , 2.95 - 2.97 (IH, m) , 3.11 (3H, s) , 3.16 (3H,s) , 3 . 99 - 4 . 33 ( 9H, 
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m), 4.57(1H, dd), 6.18(1H, s), 7.23{2H, s) , 8.04(lH,s), 
8.23{1H, s) 

[0093] 
Example 20 : 

5 N2-dimethylaminomethylene-6-0-triisopropylbenzenesulf onyl- 
2' -0-cyanoethyl guanosine (Compound 20) 
[0094] [Chemical formula 20] 



10 [0095] 

The compound 19 (llSmg, 0.126mmol) was dissolved in 
tetrahydrof uran (Iml) . To this were added triethylamine 
hydrogen trifluoride (72nl, 0.442mmol) and then triethylamine 
{31\il, 0.226mmol) and stirred for one hour. The reaction 
15 solution was concentrated under reduced pressure and the 
resulting residue was purified with silica gel column 




CN 
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chromatography (chlorof orm:iiiethanol=100 : 0 — * 50:1-^ 10:1) to 
give a titled compound (67mg}with a yield of 81%. 

[0096] 

^H-NMR(CDCl3, 500 MHz) 1 . 22 - 1 . 31 (18H, m) , 2 . 57-2 . 60 (2H, t) , 
5 2.81-2.96(1H, m) , 3.05(3H, s) , 3.12(3H, s) , 3 . 62-3 . 79 {3H, m) , 
3.93(1H, d), 4.24(2H, dt) , 4.31{1H, br) , 4.62(1H, m) , 4.84(1H, 
dd), 5.98 - 6.15 (2H, m) , 7.23(2H, s) , 8.12(1H, s) , 8.20(1H, s) 

[0097] 
Example 21: 

10 N2-dimethylaminomethylene-2' -0-cyanoethylguanosine 
(Compound 21) 
[0098] [Chemical formula 21] 




15 [0099] 

The compound 13 (630mg, 0.7mmol) was dissolved in anhydrous 
acetonitrile (7ml). To this were added orthonitrobenzaldoxime 
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(349mg, 2.10itimol) and tetramethylguanidine {263(j.l, 2.10mmol}. 
After being stirred for one hour, the reaction solution was 
diluted with ethyl acetate, and washed with saturated saline 
solution and saturated ammonium chloride. The resulting 
5 organic layer was dried over anhydrous sodium bicarbonate 
solution, filtered and subjected to distillation under reduced 
pressure. The resulting residue was dissolved in anhydrous 
THF {7ml) and mixed with triethylamine (172^1, 1.26nimol) and 
triethylamine hydrogen trifluoride (399ml, 2.45mmol) and 

10 stirred for one hour. 

The resulting residue was then purified with silica gel column 
chromatography (chloroform: methanol, 90:10 — * 85:15, v/v) to 
give a titled compound as white solid{218mg, 0.557mmol) with 
a yield of 80%. 

15 [0100] 

^H-NMR (DMSO, 500 MHz) 2.73-2.76 (2H, m) , 3.03 (3H, s), 3.15 
(3H, s), 3.54-3.58 (IH, m) , 3 . 63-3 . 69 { IH, m) , 3.78-3.82 (IH, 
m), 3.91 (IH, q, J=3.91), 4.29 (IH, q, J=4.39, 5.13), 4.40 (IH, 
t, J=5.13), 5.01 (IH, t, J=5.61), 5.30 (IH, d, J=5.37), 5.91(1H, 
20 d, J-5.13), 8.08 (IH, s) , 8.55 (IH, s) , 11.4 (IH, br) 
[0101] 
Example 22 : 

2' -0-cyanoethyl cytidine 

[0102] [Chemical formula 22] 
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OH CL 

[0103] 

The compound 12 (141mg, 0.401mraol) was dissolved in ammonia 
water :ethanol (4ml, v/v=3/l) and stirred for one hour. The 
5 reaction solution was then concentrated under reduced pressure, 
and the residue was then purified with silica gel column 
chromatography (chlorof orm:methanol, 7:1) to give a titled 
compound (109mg) with a yield of 92%. 
[0104] 

10 ^H-NMR{D20, 500 MHz) 2 . 83 - 2 . 86 {2H, m) , 3.83(1H, dd} , 3.95- 
4.03(3H, m) , 4 . 14 - 4 . 18 (2H, m) , 4.28(lH,dd), 5.97(1H, d) , 
6.05{1H, dd), 7.88(1H, d) 

[0105] 
Example 23: 
15 2' -cyanoethyl adenosine 

[0106] [Chemical formula 23] 
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OH 

[0107] 

The compound 16 (475ing, 1.27inmol) was dissolved in acetonitrile . 
To this was added hydrazine {218|4,1, 7inmol) and stirred for three 
5 hours. Powder precipitated in the reaction system was washed 
with isopropylalcohol. The resulting filtrate was 
concentrated under reduced pressure and the resulting residue 
was then purified with silica gel column chromatography 
(chloroform:methanol, 100: 0^ 50:1— '■10:1) . The thus purified 
10 compound was coinbined with said powder to give a titled compound 
(332mg) with a yield of 82%. 
[0108] 

^H-NMR(D20, 500 MH2)2.83 - 2.86(2H, m) , 3.83(1H, dd) , 3.95- 
4.03(3H, m) , 4 . 14 - 4 . 18 (2H, m) , 4.28(lH,dd}, 5.97{1H, d) , 
15 6.05(1H, dd), 7.88{1H, d) 
[0109] 

Example 24 

2' -cyanoethyl guanosine 
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[0110] 



o 




OH (X 



[0111] 

The compound 21 (447mg, 0.680inmol) was dissolved in anhydrous 
acetonitrile (7ml}- To this were added orthonitrobenzaldoxime 
(339mg, 7mmol ) and tetramethylguanidine (85jul, 0.677nimol). 
After being stirred for one hour, the reaction solution was 
concentrated under reduced pressure and the resulting residue 
was then purified with silica gel column chromatography 
(chloroform:methanol, 100: 0^50:1-^20:1-^10:1, v/v) . The 
resulting compound was mixed with ammonia water : ethanol (5ml, 
v/v=3:l) and stirred for six hours. The reaction solution was 
concentrated under reduced pressure and subjected to 
crystallization to give a titled compound (121mg) with a yield 
of 53%. 
[0112] 

^H-NMR(D20, 500 MHz}2.73(2H, t) , 3 . 76 - 3 . 95 ( 4H, m) , 4.23(1H, 
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q), 4.50(1H, dd), 4.52(lH,t), 5.98{1H, d) , 8.04(1H, s) 

[0113] 

Example 25 

2N-dimethylaminomethylene-5' -O-dimethoxytrityl-2' -0~ (2-cya 
5 noethyl) guanosine (Compound 25) 

[0114] 



O 




[01153 

10 The compound 21 (392mg, l.OOmmol) was subjected to azeotropy 
for dehydration with dry pyridine four times and dissolved in 
dry pyridine (10ml) . Dimethoxytritylchloride {373mg, 
l.lOmmol) was added to the solution. After stirring for three 

hours at a room temperature, the reaction was stopped by addition 
15 of water. The solvent was distilled out under reduced pressure. 
The resulting residue was diluted chloroform, and washed with 
saturated saline solution and saturated sodium bicarbonate 
solution. An organic layer was dried over anhydrous sodium 
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sulfate, and the solvent was distilled out under reduced pressure . 
The resulting residue was purified with silica gel column 
chromatography (chloroform: methanol, 98:2, 0,5% 

triethylaraine) to give a titled compound as white foamy 
5 material (635mg, 0.92mmol) with a yield of 92%. 
[0116] 



^H-NMR (CDCI3, 500 MHz) 2.57-2.59 (2 H, m) , 2. 98 (3 H, s) , 3.04 (3 
H, s), 3.38(1 H, dd, J=4.64. 10.50), 3.45-3.47(1 H, dd, J=2.44, 

10 10.50), 3.74(6 H, s) , 3.78-3.96(3 H, m, ) , 4.21-4.23(1 H, m) , 
4.29(1 H, dd, J=3.42, 8.55), 4 . 59-4 . 60 (IH, m) , 6.09(1H, dd, 
J=3.42), 6.10-6.78 {4H, m) , 7 . 13-7 . 41 (9H, m) , 7.74{1H, s), 
8.54(1H, s), lO.OKlH, br) 
[0117] 

15 Example 26 

2N-dimethylarainomethylene-5' -O-dimethoxytrityl-2 ' -0— (2-CYa 
noethyl) guanosine 3' - (2-cyanoethyl 

N, N-diisopropylphosphoramidite) (Compound 26) 
[0118] 



20 
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O 




[0119] 

The compound 25 (1.95g, 2.81itimol) was subjected to azeotropy 
for dehydration with dry toluene three times and, followed by 
5 argon-substitution, which was then dissolved in dry 
dichloromethane (26ml) . To this were added 

diisopropylethylamine (736^1, 1.56inmol) and a dry 
dichloromethane solution (2ml) of 

diisopropylamino- (2-cyanoethyl) -chlorophosphine (732mg, 

10 3.09ml), After being stirred for three hours, the reaction 
solution was diluted with chloroform , and washed with saturated 
sodium bicarbonate solution twice and with saturated saline 
solution twice. The resulting organic layer was dried over 
anhydrous sodium bicarbonate solution and filtered. Solvent 

15 was then distilled out under reduced pressure. The resulting 
residue was purified with silica gel column chromatography 
(chloroform;methanol, 98:2, 0.5% triethylamine) to give a 
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titled compound as white foamy material {2 . llg, 2.36nimol) with 
a yield of 84%. 

[012Q] 

^H-NMR (CDCI3, 500 MHz) 1.01-1.24(12 H, m) , 2 . 33-2 . 66 {5 H, m) , 
5 3.07-3.10(6 H,m), 3.30-4.02(14 H, m) , 4.29-4.35(2 H, m) , 

4.48-4.55(1 H, m) , 6.09-6.12(1 H,m) , 6. 79-6. 82 (4H, m) , 
7.17-7.44(10 H, m),7.78-7.82(lH,m),8.57-8.60 (lH, m) , 
9.73-9.77 (lH,m) 
[0121] 

10 Example 27 : 

Synthesis of 12-mer of 2' -cyanoethyluridylic acid 
RNA synthesis program (condensation time: 10 min. ) was carried 
out using anhydrous acetonitrile solution of 
2' -0-cyanoethyluridinephosphoramidite unit (compound 7, O.lM) 

15 by means of a DNA/RNA automatic sythesizer (Applied Bio System) 
provided with a long aminoalkyl chain CPG {lp.1} in which 
2' -0-cyanoethyluridinewas introduced via a succinyl linker by 
a conventional way (16jil mol/g) , which was filled into a socket 
for solid-phase synthesis. After the synthesis had been 

20 completed, the resulting oligonucleotide was excised from the 
solid phase by treatment with ammonia water (Iml) for 20 min. 
After diluted appropriately with ammonium acetate buffer, the 
oligonucleotide was purified with a reverse phase column 
cartridge and an anion exchange HPLC. The oligonucleotide 

25 obtained by a desalting operation with the reverse phase column 
cartridge was lyophilized to give a titled compound with a yield 
of 21%. Analysis profile obtained in the anion exchange HPLC 
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is shown in Fig.lA. 
[0122] 

MALDI TOF MASS (negative) Calcd. 4245. 66 Found 4244.33 
[0123] 
5 Example 28: 

Synthesis of 2' -cyanoethyl RNA tetra-mer having mixed sequence 
"GACU" 

RNA synthesis program (condensation time: 10 min. ) was carried 
out using four kinds of anhydrous acetonitrxle solution of 

10 2' -0-cyanoethyluridine phosphoramidite unit (compounds 7, 14, 
18 and 26, O.lM) by means of a DNA/RNA automatic sythesizer 
(Applied Bio System) provided with a long aminoalkyl chain CPG 
(l|j,l) in which 2' -0-cyanoethyluridinewas introduced via a 
succinyl linker by a conventional way (16fil mol/g) , which was 

15 filled into a socket for solid-phase synthesis. After the 
synthesis had been completed, excision of the resulting 
oligonucleotide from the solid phase and removal of a protecting 
group of the nucleic acid base moiety were carried out by 
treatment with ammonia water-ammonium acetate (10%wt/wt: 1ml) 

20 for 90 min. After diluted appropriately with ammonium acetate 
buffer, the oligonucleotides were purified with a reverse phase 
column cartridge and an anion exchange HPLC. The 
oligonucleotides obtained by a desalting operation with the 
reverse phase column cartridge were lyophilized to give a titled 

25 compound with a yield of 58%. Analysis profile obtained in 
the anion exchange HPLC is shown in Fig. IB. 
[0124] 
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MALDI TOF MASS (negative) Calcd. 1434 . 31 Found 1434.12 
[0125] 

Example 29: 

Synthesis of 2' -cyanoethyl RNA 12-mer having mixed sequence 
5 "GACUGACUGACU" 

RNA synthesis program {condensation time: 10 min. ) was carried 
out using four kinds of anhydrous acetonitrile solution of 
2' -0-cyanoethyluridine phosphoramidite unit (compounds 7, 14, 
18 and 26, O.IM) by means of a DNA/RNA automatic sythesizer 

10 (Applied Bio System) provided with a long aminoalkyl chain CPG 
(Ijil) in which 2' -0-cyanoethyluridinewas introduced via a 
succinyl linker by a conventional way (16jil mol/g) , which was 
filled into a socket for solid-phase synthesis. After the 
synthesis had been completed, excision of the resulting 

15 oligonucleotide from the solid phase and removal of a protecting 
group of the nucleic acid base moiety were carried out by 
treatment with ammonia water-ammonium acetate {10%wt/wt: 1ml) 
for 90 min. After diluted appropriately with ammonium acetate 
buffer, the oligonucleotides were purified with a reverse phase 

20 column cartridge or an anion exchange HPLC. The 
oligonucleotides obtained by a desalting operation with the 
reverse phase column cartridge were lyophilized to give a titled 
compound with a yield of 6%. Analysis profile obtained in the 
anion exchange HPLC is shown in Fig.lC. 

25 [0126] 

MALDI-TOF MASS (negative) Calcd. 4428 . 86 Found 4428.55 

[0127] 
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A modified RNA, a nucleoside that may be obtained according 
to the present method and is represented by the general formula 
(I) , or a nucleotide derived therefrom, is useful as an artificial 
RNA molecule for gene regulation, etc: 
5 [0128] 



x-o 




(I) 



[0128] 

wherein X and Y may be the same as or different from each other, 
10 and are hydrogen, optionally substituted silyl group, 
4-methoxytrityl group, 4 , 4 ' -dimethoxytrityl group or a group 
represented by the general formula (II) : 

[0129] 
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(ID 

[0130] 

wherein Rl and R2 may be the same as or different from each 
other, representing an alkyl group having carbon atoms of 1-7 
5 such as diisopropyl, or they are united with each other to form 
a ring structure, R3 represents a protective group for a 
phosphoric acid such as 2-cyanoethyl; and Bl represents an 
optionally substituted pyrimidine or purine base. 



